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Although it is known that jaundice tends to cause delayed clotting 
of blood, the cause of the delay is not known.  Minot and his asso- 
ciates,  1 using Howell's method of recalcifying oxalated plasma,  found 
that  the  coagulation  time  (prothrombin  time  of  Howell)  was  in- 
creased in a  series of jaundice cases, but did not suggest an explana- 
tion  of  the  mechanism  of  the  delay  in  coagulation.  It  seemed  of 
interest,  therefore,  to  determine  whether  or  not  bile  or  bile  salts, 
which  are,  of course  d present  in  the blood in jaundice,  are in  them- 
selves capable of causing the increase in the coagulation time. 
Effect of Bile on Clotting  of Plasma. 
Series  /.--Cats,  under  ether  anesthesia,  were  bled  from  a  large 
artery,  through  a  paraffined cannula  into paraffined 50 co.  centrifuge 
tubes containing  7.5  cc. of 1 per cent sodium oxalate in 0.9 per cent 
sodium chloride solution.  The  tubes were then  centrifuged  and  the 
plasma  was  carefully pipetted  off.  If  the  plasma  showed  the  least 
trace  of hemolysis it was rejected.  A series of fiat bottom tubes, 22 
rnm.  in  diameter,  was then' set  up,  each  containing  2  cc.  of plasma 
and 0.5  cc. of an ox bile solution of varying concentration.  To each 
of  the  tubes  an  amount  of  calcium  chloride  was  added  which  had 
been previously found  to  produce a  firm  clot in  the minimum  time 
with  the  same plasma.  The  time  necessary  for  the  formation  of a 
firm clot in each tube was recorded.  Precipitation of fibrin was con- 
sidered complete when a  clot of such consistency was formed that the 
tubes could be inverted without loss of liquid.  As shown in Table I, 
clotting time was delayed in proportion to the amount of bile present 
1Minot,  G. R., Denny, G. P., and Davis, D., Arch. Int. Med., 1916, xvii, 101. 
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TABLE'  I. 
2 cc. of oxalated plasma plus 0.5  cc. of bile  solution,  in dilution  to give the 
final  concentration  indicated,  were  recalcified  with  the  optimum  quantity  of 
calcium chloride  solution. 
Bile.  Clotting time.  Bile.  Clotting time. 
per cent 
9.0 
8.0 
7.7 
7.4 
6.9 
6.6 
5.0 
rain. 
No clot. 
52 
32 
27 
14 
per c~t 
4.0 
3.3 
2.5 
2.0 
1.0 
0.0 
mln, 
5 
4 
4 
4 
3 
3 
in  the  plasma.  The  results  were  uniform  with  all  the  animals in 
this series. 
Similar results were obtained when whole oxalated blood was used 
to which  varying quantities  of bile had  been added. 
Effect of Sodium  Glycocholate on Clotting of Plasma. 
Series  2.--In  these experiments a  solution  of sodium  glycocholate 
was  substituted  for bile.  The  experiments  were otherwise  identical 
with  those of Series  1.  Table II, the  record of a  typical experiment 
of this  series,  shows  that  results  are  similar to those of the  first set. 
We  may  conclude  that  bile  and  bile  salts,  in  sufficient  quantity, 
retard  the  coagulation  of blood.  Most  modern  workers  conceive  of 
the process of coagulation as taking place in two steps: first,  the for- 
mation  of  thrombin;  and  second,  the  conversion  of  fibrinogen  into 
TABLE  II. 
0.5  cc.  of oxalated  plasma,  containing  the indicated concentration  of glyco- 
cholate, was recalcified with the optimum quantity of calcium chloride  solution. 
Sodium glycocholate.  Clotting time.  Sodium gIycocholate.  Clotting time. 
per cent  rain.  per cent  rain. 
0.5  13  0.2  5 
0.4  9  0.1  4 
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fibrin  by  the  action  of  thrombin.  To  determine  whether  the  bile 
salts prevented  the formation  of thrombin  or merely interfered  with 
the change of fibrinogen to fibrin even though an adequate supply of 
thrombin was present,  the effect of bile and bile salts on the clotting 
time  of a  solution of fibrinogen  in  the presence of sufficient quanti- 
ties of preformed  thrornbin  was tested in  Series 3  and 4.  Solutions 
of  fibrin  and  thrombin  were  prepared  according  to  the  method  of. 
Mellanby3  Not only is this method simple and rapid,  but the other 
clotting elements which are present in small amounts do not interfere. 
Preparation  of Fibrinogen.--Fowl plasma was used because it may 
be  kept  for  weeks  without  spontaneous  clotting.  Fibrinogen  was 
precipitated  out  by  diluting  the  plasma  with  ten  volumes  of  dis- 
tilled water and neutralizing with a few drops of 1 per cent acetic acid. 
The  precipitate  was  collected and  dissolved in  0.5  per  cent  sodium 
chloride solution, about 40 cc.  being a  convenient  amount  when  50 
cc.  of plasma were originally used.  Since this  solution clotted upon 
addition  of both thrombokinase  and  calcium,  but not upon addition 
of either  alone,  it  was  concluded  that  it  contained  fibrinogen and 
prothrombin. 
Preparation of Thrombin.--lO cc. of the above solution were coagu- 
lated  by the  addition  of a  trace  of thrombokinase  (extract  of chick 
embryo)  and  calcium  chloride  to  a  concentration  of  0.05  per  cent. 
After  removal  of  fibrin,  the  clear, residual  fluid  contains a  quantity 
of  thrombin  proportional  to  the  strength  of  the original  fibrinogen- 
prothrombin solution, arid a  trace of thrombokinase.  It is not essen- 
tial to have thrombin free of other elements, provided that  sufficient 
thrombin  is  available  in  solution  and  that  there  are  no  substances 
present which interfere with its action. 
Effect of Bile and Bile Salts on Clotting of Fibrinogdn in the Presence 
of Thrombin. 
Series  3.--In  these experiments  0.5  cc.  of a  solution of fibrinogen 
was used, to which bile had been added to the desired concentration. 
An excess of thrombin  was then  added and  the  clotting  time noted. 
The  result  of one such experiment is recorded in  Table III. 
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Series 4.--Experiments  in  this  series  were  carried  out in  the same 
way,  except  that  sodium  glycocho]ate  was  substituted  for  ox bile 
(Table  IV). 
TABLE  III. 
0.5  cc.  of fibrinogen  solution  plus  enough  bile  to  make  the  indicated  final 
concentration. 
Bile.  Clotting time.  Bile.  Clotting time. 
1~ cent 
13 
11 
9 
7 
rain. 
No clot. 
Loose clot. 
21 
~r cent 
6 
5 
4 
3 
m~n. 
15 
7 
2 
2 
TABLE  IV. 
0.5  cc.  of fibrinogen solution plus sodium glycocholate. 
Sodium glycocholate.  Clotting time.  Sodium glycocholate.  Clotting time. 
~er cent 
1.2 
1.0 
0.8 
0.7 
m/n. 
No clot. 
Loose clot. 
14 
10 
~  cent 
0.6 
0.5 
0.4 
0.0 
m/n. 
7 
4 
3 
4 
Effect of Sodium Oleate on Clotting of Fibrinogen  in the Presence of Thrombin.-- 
A  few experiments were also performed with sodium oleate instead of bile salts. 
Sodium oleate, which is the salt of an unsaturated fatty acid, is somewhat simi- 
lar to sodium glycocholate in physical Properties.  .  Small amounts did not inter- 
fere with  the clotting time;.very large amounts inhibited  clotting entirely; and 
moderate  amounts  caused  delayed  clotting.  In  no  experiment,  however,  was 
there the same gradual increase in clotting time with increase of the salt which 
was observed in experiments  with  bile or soda,urn glycocholate.  The superficial 
resemblances  of  the  results,  however,  suggested  that  the  mechanism  may  be 
the same as in the case of bile salts. 
DISCUSSION. 
It is evident from the above experiments  that within  certain limits 
clotting  time  depends  on  the percentage  of  bile  present  in  solution 
and  that  the  reaction  is  the  same in experiments with pure solutions 1J_ERBERT  BAESSLER  AND  MARIANNE  0.  STEBBI_N'S  4~9 
of  the  substances  concerned  in  coagulation,  as  in  whole  plasma. 
It likewise seems justifiable to conclude that bile and bile salts do not 
interfere with  the formation of thrombin,  since the prolongation of 
clotting time is just as great when preformed thrombin is' added in 
ample  quantity  to  fibrinogen  solution,  as  when  thrombin  must  be 
formed from its precursors in  the presence of bile.  It  cannot  be  a 
question  of destruction of the  thrombin,  as  Morawitz  and  Bierich  a 
showed  that  a  quantity  of  freshly  drawn  blood  which  had  been 
mixed with enough bile to inhibit clotting, could be caused to coagu- 
late by merely diluting the mixture with isotonic salt solution.  Con- 
sequentiy we must assume that it is the conversion of fibrinogen to 
fibrin that is interfered with rather than the formation of thrombin. 
In our experiments it  was  found that  there was a  retardation of 
clotting,  great  enough  to  be  detected  by  clinical  methods,  with 
amounts of bile greater than 5 per cent.  We were unable to  find re-  x 
ports in the literature stating the exact amounts of bile salts present 
in the blood in jaundice.  GilberP states that in cases of obstructive 
jaundice bile  pigment is  present in  the blood in  quantities  of from 
0.7  to  1  gin.  per liter.  Bile itself contains about  1 gin.  of pigment 
per liter.  The relation of bile pigments and bile salts in the blood in 
jaundice has not been determined, but it would seem possible for th~ 
salt to be present in sufficient concentration to prevent clotting. 
CONCLUSIONS. 
1.  Within certain limits the clotting time of blood, of blood plasma, 
and  of  solutions  of  fibrin  to  which  bile  salts  have  been  added,  is 
proportional  to the quantity of bile present. 
2.  The bile interferes with the conversion of fibrinogen into fibrin 
and not with the formation of thrombin. 
s Morawitz, P., and Bierich, R., Arch. exp. Path. u. Pharmakol., 1907, Ivi, 115. 
4 Gilbert,  quoted  by Wells, H.  G.,  Chemical Pathology,  Philadelphia  and 
London, 3rd edition, 191g, 486. 